The paper presents the results of the effects of control drainage (CD) on the groundwater table and subsurface outflow in Central Poland. The hydrologic model DRAINMOD was used to simulate soil water balance with drain spacing of 7 and 14 m, different initial groundwater Table 40 , 60 and 80 cm b.s.l., and dates at the beginning of control drainage of 1 March, 15 March, 1 April, and 15 April. The CD restricts flow at the drain outlet to maintain a water table during the growing season. Simulations were made for the periods from March to September for the years 2014, 2017, and 2018, which were average, wet, and dry, respectively. The simulations showed a significant influence of the initial groundwater tables and date blocking the outflow from the drainage network on the obtained results. In the conditions of central Poland, the use of CD is rational only when it is started between 1 and 15 March. In this case, the groundwater table can be increased from 10 to 33 cm (7 m spacing) and from 10 to 41 cm (14 m spacing) in relation to the conventional system (free drainage-FD). In the case of blocking the outflow on 1 March, the reduction is about 80% on average in the period from March to September. With a delay in blocking the outflow, the impact of CDs decreases and ranges from 8% to 50%. Studies have shown that the proper use of the drainage network infrastructure complies with the idea of sustainable development, as it allows efficient water management, by reduction of the outflow and, thus, nitrates from agricultural areas. Furthermore, CD solutions can contribute to mitigating the effects of climate change on agriculture by reducing drought and flood risk.
Introduction
Climate change is being observed all over the world. On the scale of individual continents, its direction and extent vary. Countries located in central Europe, including Poland, will be exposed to extreme temperatures and reduced precipitation in the summer [1] . The temperature increase and changes in rainfall temporal distribution lead to increased risk of floods, droughts, and heat waves [2, 3] . The consequence will be that dry regions are becoming even drier, and drought hazards are increasing [4] . A significant reduction in surface water and groundwater resources will cause all The implementation of CD solutions to agricultural practice in Poland, but also in other countries, considering climate and soil conditions, requires both field experiments and model studies. To determine the effects of these CD solutions, field studies and computer simulations should be carried out. This will help to answer the question of how much these solutions may increase the groundwater table and reduce subsurface outflow and, consequently, mitigate the effects of climate change on the agricultural sector. The aim of the study was to evaluate various scenarios of CD in groundwater table dynamics and subsurface outflow on the field scale. Simulations were performed with the assumption of different weather conditions (dry, normal and wet period), initial groundwater table conditions (initial water table depth), drainage network parameters (drainage spacing), and CD practices (dates of the beginning of blocking the outflows). The main aim of the study was to determine the possibility of using CDs in Polish conditions, where such research had not been conducted before. The research presented in the paper is a preliminary part of a project financed by the National Centre for Research and Development in Poland, entitled "Technological innovations and system of monitoring, forecasting and planning of irrigation and drainage for precise water management on the scale of drainage/irrigation system (Acronym-INOMEL)". The aim of the project is to develop operational CD management plans adjusted to the water needs of plants and the dates of field work based on hydrological and meteorological monitoring and hydrometeorological forecasts. Moreover, this research will answer the question of whether and to what extent it is possible to use CDs in the aspect of agricultural mitigation for climate change. This research is also important in the context of the implementation of the Water Framework Directive and the Nitrates Directive. The Directives oblige EU Member States to achieve good water status by limiting nitrogen outflow from agricultural areas.
Materials and Methods

Study Site Description
Field studies were carried out on arable land located in the central part of Poland (52 • 21 38.5 N, 17 • 36 34 .2 E) ( Figure 1 ). The research area is one of the most water deficient areas in Poland [34] . The average annual rainfall from 1981-2018 was 542 mm, and the average annual air temperature was 9.1 • C. The research was carried out in a tile drainage system with an area of approximately 107 ha, which was built in the 1980s. The drainage network was made of PVC pipes. There are 22 drainage sections with an area of 2.53 ha (drainage section no. 34) to 12.54 ha (drainage section no. 38). The drainage network is located at a depth of 0.9 to 1.0 m. b.s.l., and the spacing between the drains is usually 14 m. The drainage spacing is 7 m only on sub-sections 42_2 and 42_3. Water from the drainage section is directed to the ditches by means of drainage outlets (17 outlets in the whole system-green circle) or to drainage wells (10 outlets in the whole system-blue circle), which are connected by a pipeline to the ditches. Both in wells and drainage outlets there is a possibility of using DWM solutions. The survey area is characterized by low relief diversity, slopes do not exceed 5% , and the difference between the highest and the lowest point is 6.44 m. In this study, the results of studies carried out in drainage section no. 42 was used. This section was divided into four parts. In parts 42_1 and 42_4, the drainage spacing is 14 m, and in parts 42_2 and 42_3, the spacing is 7 m. The devices for control drainage in the wells located in sections 42_1 and 42_2 were installed. The sections 42_3 and 42_4, on the other hand, are an FD network-without to possibility to block the outflows (free drainage). Since February 2019, these wells have been used for water table and flow rate measurements with a frequency of 10 min. The soils occurring within the analyzed drainage sections were classified as Gleyic Luvisols [35] , which were developed from glacial till. Both the surface and subsurface horizons have a sandy loam texture, but the argic horizon has distinctly higher clay content than the overlying horizons. 
Model Description
DRAINMOD is a hydrologic model used to simulate a soil-water balance on tile drained fields [21] . The water balance is calculated to unit surface area which is a vertical soil column. The column extends from the soil surface down to the impermeable layer and is located midway between two adjacent drains. The water balance of the soil column can be written as
where ∆Va is the change in the water-free pore space or air volume (mm), I is the infiltration (mm), ET is the evapotranspiration (mm), LD the lateral drainage (the negative sign-outflow for subsurface drainage, and the positive sign-inflow for subirrigation) (mm), and DS is the deep seepage (the negative sign for downward movement-the outflow to lower layers; and the positive sign for upward movement-inflow from lower layers) (in mm). A water balance is also computed at the soil surface and can be written as:
where P is the precipitation (mm), SR the surface runoff (mm), and ∆S is the surface water storage change (mm). The calculations are performed for a time increment Δt. The rates of I, ET, LD, and DS are computed by commonly used methods that have been used for a range of soil and boundary conditions. The infiltration is calculated by the Green-Ampt equation. The daily potential evapotranspiration (PET) is calculated by the Thornthwaite [36] method. Next, the PET is reduced to actual evapotranspiration (ET), depending on the weather and soil water conditions. The LD is calculated with Hooghoudt's steady state equation, with a correction for convergence near the drains [37] . The LD from a ponded surface is calculated using the equation derived by Kirkham [38] . The DS rates are calculated with a straightforward application of Darcy's law. The detailed description of soil water distribution processes in DRAINMOD (which assumes two zones, a wet zone and a dry zone) is given by Skaggs [39] .
Methods
In order to assess the impact of DWM on groundwater tables and subsurface outflow from the tile drainage, the research was divided into three stages. In the first stage, data were collected and arranged into a homogeneous geodatabase in accordance with the requirements of the DRAINMOD model. In the second stage, the model parameters were identified, and then the model was calibrated 
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Methods
In order to assess the impact of DWM on groundwater tables and subsurface outflow from the tile drainage, the research was divided into three stages. In the first stage, data were collected and arranged into a homogeneous geodatabase in accordance with the requirements of the DRAINMOD model. In the second stage, the model parameters were identified, and then the model was calibrated and validated. The model prepared in this way was used to simulate various scenarios of the network operation. In the third stage, the results were statistically analysed. The research procedure is presented in Figure 2 . and validated. The model prepared in this way was used to simulate various scenarios of the network operation. In the third stage, the results were statistically analysed. The research procedure is presented in Figure 2 . 
Data Collection and Geodatabase Creation
Initially, maps of the presented drainage system were obtained. The maps were made at a scale of 1:2000, at which the drainage network was shown. The maps were scanned and then vectorised in the ArcGIS software. Additionally, soil maps at a scale of 1:5000 were obtained, and a digital elevation model (DEM) with a resolution of 1 m was developed on the basis of data from airborne laser scanning. Soil maps and DEM were obtained from the Central Office of Geodesy and Cartography in Poland. Moreover, the archives of the Institute of Land Improvement, Environmental Development and Geodesy, Poznań Life Sciences University obtained data from field measurements carried out during the 1988-2003 period. These archives included physical soil and water properties in drainage section no. 42, periodical measurements of groundwater tables and the subsurface outflow from the drainage network in sections 42_1 to 42_4, daily measurements of air temperature and precipitation, as well as information on the crop structure in section 42.
Drainage Water Management Simulation
The model parameters were identified on the basis of data collected at the first stage of study. The main input parameters describing the drainage system used for DRAINMOD simulations are presented in Table 1 . The crop parameters were determined on the basis of data provided by Feddes et al. [40] and Van Dam et al. [41] . 
Data Collection and Geodatabase Creation
Drainage Water Management Simulation
The model parameters were identified on the basis of data collected at the first stage of study. The main input parameters describing the drainage system used for DRAINMOD simulations are presented in Table 1 . The crop parameters were determined on the basis of data provided by Feddes et al. [40] and Van Dam et al. [41] .
Soil water retention curves of the undisturbed core soil samples up to 100 kPa were made using the Richards chambers, whereas lower values of the pressure head were performed using the method of water vapour pressure over a solution of sulphuric acid [42, 43] . Following this, the RETC program [44] was used to present the soil water retention curve in the form of the parameters of the Van Genuchten [44] equation with the Mualem [45] assumption (m = 1 − 1/n, where m and n are parameters of Van Genuchten equations). The filtration coefficient was determined using the method of a constant hydraulic water gradient [46] . The soil utility package included in DRAINMOD was used to estimate the Green-Ampt infiltration model parameters, the drainage volume-water table depth, and the water upflux-water table depth relationships. Basic soil properties and hydraulic parameters are presented in Table 2 . 
Model Calibration and Validation
Calibration and verification of the model was performed according to the procedure described by Skaggs et al. [47] . At this stage, measurement data from the growing season of 2000 were used. Then, the model was validated on the basis of measurement data from 1994. Calibration and validation of the model are key procedures in reducing prediction uncertainty. During the calibration process, the model's input parameters were changed to obtain the optimum agreement between the predicted and observed variables [48, 49] . Three parameters-hydraulic conductivity by layer K sat (cm . day −1 ), the thickness of the restrictive layer, and the hydraulic head at the bottom of the restrictive layer-were adjusted to minimize the difference between the observed and predicted water tables. The quality of the DRAINMOD simulation model to determine the groundwater table dynamics in drained soils was analysed using commonly used statistical measures, such as the root mean square error (RMSE), coefficient of mass residual (CRM), index of agreement, (d) and model efficiency index (EF) [48, 49] . These parameters are defined as 
where n is the total number of the observations, O i is the observed value of the ith observation, P i the predicted value of the ith observation, and O the mean of the observed values (i = 1 to n). The RMSE and CRM have smaller values when the values predicting the ith obtained measurements are more consistent. The EF and d value for the optimal adjustment of the predicted and observed values were close to 1 [47, 49] . The threshold values for acceptable, good, and excellent agreement for water table depth were established on the basis of Skaggs et al. [47] .
Drainage Water Management Simulations
Simulations were performed with the assumption of different meteorological conditions (dry, normal, and wet periods), initial groundwater table conditions (on 1 March-the start of the simulation), drainage network parameters (drainage spacing 7 and 14 m), and the dates of the beginning of CD practice (1 and 15 March and 1 and 14 April) ( Table 3 ). Damming height is the outlet height of the water level control structure below the surface level. A total of 72 simulations were carried out. Simulations were performed for the periods from 1 March to 30 September. Three years, 2014, 2017, and 2018, were chosen for the simulation. These dates were characterized by different thermal and precipitation conditions. The general characteristics of the meteorological conditions in the selected years are presented in Table 4 . Three different initial conditions were established. The simulation was performed for dry, normal, and wet years. The initial groundwater table in 1 March at 0.80 m b.s.l. means that the year preceding the simulation was dry, whereas, in the case of the initial state of 0.40 m b.s.l., the year preceding the simulation was wet. This allows the whole spectrum of possible situations to be taken into account.
Statistical Analysis
In order to compare the results of the 72 simulations, a script in the Python 3.7.3 language was developed. This script allowed for the automatic recording of the depth of groundwater and subsurface outflows from the tile drainage in an Excel spreadsheet. The aim of the statistical analysis was to compare the depth of the groundwater in the case of conventional solutions and controlled drainage. Groundwater analysis was performed for the whole simulation period (March to September) and for individual months. For each variant, groundwater table duration curves were developed, from which the time of the groundwater above the drainage network was determined. The number of days with subsurface outflow and the effect of different variants of controlled drainage were also determined and compared. In order to assess the statistical differences in the groundwater table in different variants of controlled drainage, a non-parametric analysis of the variance was performed using the STATISTICA 13.1 PL statistical software, with Kruskal-Wallis (K-W) and Dunn's tests as post hoc procedures (p ≤ 0.05).
Results
The parameters of the model were identified, and then the model was calibrated and validated before starting the simulation. The DRAINMOD model was calibrated and validated using groundwater table data for the years 1994 and 2000. The results of the groundwater table depth in the year 2000 were used to calibrate the model. Data from 1994 were used to validate the model. Calibration and validation of the model was carried out for a drainage system working in a conventional way (free drainage-FD), without CD solutions. The model was calibrated with the trial and error method by adjusting the hydraulic conductivity by layer, the thickness of the restrictive layer, and the hydraulic head at the bottom of the restrictive layer, one after the other, within reasonable ranges. This allowed for good agreement between the results of the simulation from the DRAINMOD model and the results of groundwater measurements from 2000. In the next stage, the model was validated based on the data of the groundwater table from 1994. The results of the calibration and validation procedure are presented in Table 5 . The RMSE, CRM, d, and EF values show excellent agreement between the measured and predicted groundwater tables. This result proves that a model set up in this way can be used to simulate the impact of various CD scenarios on groundwater table dynamics and the subsurface outflow of drained soils. In the next stage, in order to assess the impact of CDs on groundwater tables and subsurface outflow from the drainage network, a series of simulations was carried out according to the previously established scheme. The precipitation from March to September varied from 252 mm in 2018 to 523 mm in 2017 (Table 4 ). In 2018, the highest temperature (15.0 • C) was recorded with the lowest total During the simulation procedure, the measured daily precipitation was uniformly distributed over 6 h (from 15 to 21 h) to obtain the hourly precipitation required in DRAINMOD. This procedure is described by Skaggs et al. [47] and Ale et al. [11] . The ET value calculated by the Thornthwaite method was corrected using the monthly ET factors. The following monthly ET factors for the growing season were used during the simulation (March 1 to September 30): 0.6 (March) 0.7 (April) 0.9 (May), 1.0 (June-July), 0.9 (August), 0.8 (September).
The results of the simulations produced daily groundwater tables and subsurface outflows from the tile drainage for the period from March to September (Figure 3) . A total of 72 simulations were performed, of which 18 were the reference level, because they assumed that the drainage network functions in a conventional way without the possibility of blocking the outflow (free drainage-FD). (Table 4 ). In 2018, the highest temperature (15.0 °C) was recorded with the lowest total precipitation. Also in the years 2014 and 2017 the temperatures were higher than the average value for the years 1981-2018.
Overall
During the simulation procedure, the measured daily precipitation was uniformly distributed over 6 h (from 15 to 21 h) to obtain the hourly precipitation required in DRAINMOD. This procedure is described by Skaggs et al. [47] and Ale et al. [11] . The ET value calculated by the Thornthwaite method was corrected using the monthly ET factors. The following monthly ET factors for the growing season were used during the simulation (March 1 to September 30): 0.6 (March) 0.7 (April) 0.9 (May), 1.0 (June-July), 0.9 (August), 0.8 (September).
The results of the simulations produced daily groundwater tables and subsurface outflows from the tile drainage for the period from March to September (Figure 3) . A total of 72 simulations were performed, of which 18 were the reference level, because they assumed that the drainage network functions in a conventional way without the possibility of blocking the outflow (free drainage-FD).
(a) (b) Taking into account the different conditions of the groundwater table at the beginning of the simulation period (1 March), and the precipitation and air temperature conditions in 2014, 2017, and 2018, the FD system allows for the unproductive removal of water. Groundwater was located above the level of the drainage network for 27 to 51 days in the case of the 7 m drain spacing and for 40 to 66 days in the case of the 14 m drain spacing. The use of CD solutions allows one to extend the period in which the groundwater table is located above the drainage network. The most effective method is to start stopping the outflow on 1 March. In this way, it is possible to extend the period of the groundwater above the level of the drainage network. When a CD solution was used in a drainage network with a spacing of 7 m, the time that the groundwater was above the drainage network ranged from 74 to 113 days (average 94 days), and in a network with a spacing of 14 m, it ranged from 74 to 115 days (average 100 days). Slightly worse results were obtained for the scenarios in which the CD solution started on 15 March. Even less important are the CD procedures, which further delayed the start of blocking the outflow from the drainage network. Starting to block out the outflow from the drainage network with a spacing of 7 m on 1 April or 15 April means that the time of groundwater location above the drainage can be extended by 13 and 7 days, respectively. A slightly better result Taking into account the different conditions of the groundwater table at the beginning of the simulation period (1 March), and the precipitation and air temperature conditions in 2014, 2017, and 2018, the FD system allows for the unproductive removal of water. Groundwater was located above the level of the drainage network for 27 to 51 days in the case of the 7 m drain spacing and for 40 to 66 days in the case of the 14 m drain spacing. The use of CD solutions allows one to extend the period in which the groundwater table is located above the drainage network. The most effective method is to start stopping the outflow on 1 March. In this way, it is possible to extend the period of the groundwater above the level of the drainage network. When a CD solution was used in a drainage network with a spacing of 7 m, the time that the groundwater was above the drainage network ranged from 74 to 113 days (average 94 days), and in a network with a spacing of 14 m, it ranged from 74 to 115 days (average 100 days). Slightly worse results were obtained for the scenarios in which the CD solution started on 15 March. Even less important are the CD procedures, which further delayed the start of blocking the outflow from the drainage network. Starting to block out the outflow from the drainage network with a spacing of 7 m on 1 April or 15 April means that the time of groundwater location above the drainage can be extended by 13 and 7 days, respectively. A slightly better result can be achieved with 14 m network spacing. Starting to block the outflow on 1 or 15 April will increase the time of groundwater accumulation above the drains by 17 and 7 days, respectively (Figure 4) .
The impact of CD solutions on groundwater is illustrated well by the curves of the groundwater table duration. The most effective CD solutions are effective when starting to block the outflow on 1 March (red line) with a high initial groundwater table of 40 and 60 cm b.s.l. (Figures 5a,b and 6a,b) . The figures show that the groundwater tables in the case of the conventional network (free drainage (FD), dark blue line) are at the same level as if the blocking of the outflow had started on 1 or 15 April (purple and black lines). The 7 m spacing of the drainage system allows faster drainage and, in this case, delayed blocking of the outflow means that all the water from the field is drained in March. In the case of a drainage network with a spacing of 14 m, the differences between the groundwater table when blocking the outflow on 1 or 15 March are at a lower level than those for a network with a spacing of 7 m.
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(a) (b) The initial conditions and the date of starting to block the outflow have the greatest impact on the groundwater table in the case of a drainage network with a spacing of 7 m and 14 m. Taking into account the outlet depth of the water level control structure (damming height) and the depth of the drainage system, it is possible to control the groundwater levels from of 50 cm b.s.l. to 90 cm b.s.l. Moreover, after heavy rainfall, groundwater levels may periodically exceed 50 cm b.s.l. Analysing the cumulative duration curves of the groundwater level depth horizontally, the greatest distances (impact) between the curve presenting the FD scenario and the curves for individual CD scenarios The initial conditions and the date of starting to block the outflow have the greatest impact on the groundwater table in the case of a drainage network with a spacing of 7 m and 14 m. Taking into account the outlet depth of the water level control structure (damming height) and the depth of the drainage system, it is possible to control the groundwater levels from of 50 cm b.s.l. to 90 cm b.s.l. Moreover, after heavy rainfall, groundwater levels may periodically exceed 50 cm b.s.l. Analysing the cumulative duration curves of the groundwater level depth horizontally, the greatest distances (impact) between the curve presenting the FD scenario and the curves for individual CD scenarios were obtained for levels from 60 to 90 cm b.s.l. In the case of groundwater levels ranging from 40 to 50 cm b.s.l., the impact of CD was at a lower level.
The average groundwater table in the period from March to September in the conventional drainage spacing of 7 and 14 m was 123 cm and 118 cm, respectively (Figure 7) .
The use of CD solutions at the beginning of blocking the outflow on 1 March may depend on the initial conditions. The groundwater table is stabilised at an average level of 88 to 99 cm b.s.l. and 86 to 95 cm b.s.l., respectively, for drainage spacing of 7 and 14 m. Moreover, when first blocking water in the drainage network on 15 March, the influence on the groundwater increase is visible. In other cases, the impact of CD on groundwater is at a lower level. The Kruskal-Wallis (K-W) and Dunn's tests as post hoc procedures (p ≤ 0.05) showed that there were no significant differences between the average groundwater tables in the period from March to September and the FD and CD scenarios for 1 and 15 April. The influence of the initial groundwater table on the effectiveness of CD solutions in the case of drainage networks with a 7 m spacing decreases when delaying the blocking of the outflow on 15 March. On the other hand, in a drainage network with a spacing of 14 m, the impact of the initial conditions disappears on 1 April, which is confirmed by small differences between the successive scenarios. In the case of variants, assuming the outflow is blocked for 1 and 15 March, regardless of the initial conditions and the drainage network spacing, the impact of CD solutions on the depth of the groundwater level is visible throughout the whole period until September (upper part of Figure 8a,b) . There are statistically significant differences between the average water tables for FD and CD. The differences in groundwater tables in relation to the conventional network are presented in Figure 8 . It is clearly visible that, regardless of the initial conditions, starting to block the outflow on April 1 or 15 allows the groundwater to be raised by as much as 8 cm (lower part of Figure 8a,b) .
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m, the impact of the initial conditions disappears on 1 April, which is confirmed by small differences between the successive scenarios. In the case of variants, assuming the outflow is blocked for 1 and 15 March, regardless of the initial conditions and the drainage network spacing, the impact of CD solutions on the depth of the groundwater level is visible throughout the whole period until September (upper part of Figure 8a,b) . There are statistically significant differences between the average water tables for FD and CD. The differences in groundwater tables in relation to the conventional network are presented in Figure 8 . It is clearly visible that, regardless of the initial conditions, starting to block the outflow on April 1 or 15 allows the groundwater to be raised by as much as 8 cm (lower part of Figure  8a The use of CD solutions, apart from their influence on the groundwater table, also affects the sub-surface outflow from the drainage network. The duration of outflows was the same as the time of the groundwater's table location above the drainage network level. Simulation calculations showed that outflows from the conventional network ranged from 28 to 63 mm and from 25 to 59 mm for spacings of 7 and 14 m, respectively ( Figure 9 ). In the years 2014, 2017, and 2018, the weather conditions affected the average outflow from the network by ±5 mm. In the case of the groundwater table at the beginning of the simulation period at the level of 80 cm b.s.l., the outflow may be completely reduced. In CD scenarios with drain blocking on 1 or 15 March, the subsurface outflow can be reduced from 18 to 28 mm and from 18 to 25 mm, on average, from a drainage network with a spacing of 7 and 14 m, respectively. Taking into account the whole area of the analysed research object (107 ha), it is possible to retain about 19 ×·10 3 to 40·× 10 3 m 3 of water in this way. The use of CD solutions, apart from their influence on the groundwater table, also affects the sub-surface outflow from the drainage network. The duration of outflows was the same as the time of the groundwater's table location above the drainage network level. Simulation calculations showed that outflows from the conventional network ranged from 28 to 63 mm and from 25 to 59 mm for spacings of 7 and 14 m, respectively ( Figure 9 ). In the years 2014, 2017, and 2018, the weather conditions affected the average outflow from the network by ±5 mm. In the case of the groundwater table at the beginning of the simulation period at the level of 80 cm b.s.l., the outflow may be completely reduced. In CD scenarios with drain blocking on 1 or 15 March, the subsurface outflow can be reduced from 18 to 28 mm and from 18 to 25 mm, on average, from a drainage network with a spacing of 7 and 14 m, respectively. Taking into account the whole area of the analysed research object (107 ha), it is possible to retain about 19 ×·10 3 to 40·× 10 3 m 3 of water in this way. The relative impact of outflow blocking from the network is shown in Figure 10 . The largest effects were achieved in scenarios in which outflow blocking started on 1 March. In the case of initial groundwater tables of 60 and 80 cm, outflows can be reduced from about 80% to 100%. If the date of blocking the outflow is delayed to 15 March, the reduction is lower. In the presented calculation scenarios, the influence of the initial groundwater table on the obtained results is clearly visible. The relative impact of outflow blocking from the network is shown in Figure 10 . The largest effects were achieved in scenarios in which outflow blocking started on 1 March. In the case of initial groundwater tables of 60 and 80 cm, outflows can be reduced from about 80% to 100%. If the date of blocking the outflow is delayed to 15 March, the reduction is lower. In the presented calculation scenarios, the influence of the initial groundwater table on the obtained results is clearly visible. 
Discussion
The conducted research showed that CD solutions increase the groundwater table and reduce subsurface outflow from the drainage network. As a result, the water remains in the soil profile and can be available to the plants during their growing season. In the climatic conditions of Poland, it is important to start blocking the outflow from the network as early as possible. At the start date of blocking the outflow on 1 March, the reduction of the outflow from the network during the period from March to September was about 80% on average. With a delay in blocking the outflow, the impact of using CDs decreases and ranges from 8% to 50%. The results obtained in this study correspond to those obtained by other authors (Table 6 ). Table 6 . The impact of CD on subsurface drainage compared to a free drainage (FD) system. 
The conducted research showed that CD solutions increase the groundwater table and reduce subsurface outflow from the drainage network. As a result, the water remains in the soil profile and can be available to the plants during their growing season. In the climatic conditions of Poland, it is important to start blocking the outflow from the network as early as possible. At the start date of blocking the outflow on 1 March, the reduction of the outflow from the network during the period from March to September was about 80% on average. With a delay in blocking the outflow, the impact of using CDs decreases and ranges from 8% to 50%. The results obtained in this study correspond to those obtained by other authors (Table 6 ). Table 6 . The impact of CD on subsurface drainage compared to a free drainage (FD) system.
Author
Range Mean
Ale et al. [11] 38%-96% 60% Negm et al. [19] 20%-32% 25% Skaggs et al. [32] 16%-89% Thorp et al. [50] 35%-68% Gunn et al. [18] 40%-100% Ale et al. [51] 46% Youssef et al. [20] 30% Wesström et al. [52] 79%-94% Williams et al. [53] 8%-34%
Relatively large differences in the results of the CD impact solutions on sub-surface outflow could result from different climatic conditions, soil properties, and technical parameters of the drainage network, i.e., drainage depth, spacing, and the height to which the outlet was raised [53] . Reduction of sub-surface outflows from fields is primarily of ecological significance, as it limits outflow of nitrate nitrogen. The reduction in the nitrate load with CD varied between 32% and 94% [20, 51, 52, 54] . Wesström et al. [55] revealed no differences between nitrogen concentrations in subsurface drainage water from the free drainage and the control drainage networks. Nitrate losses tended to be lower in the controlled drainage than in the free drainage network, due to lower outflow. This is confirmed by the results of Ross et al. [56] , which indicate that nitrate reductions are mainly due to reduced drainage outflow rather than enhanced denitrification. This is particularly important for Poland, where, in accordance with the requirements of the European Union, actions are taken to limit the outflow of N-NO3 from agricultural areas. These actions are aimed at improving the quality of surface waters and limiting their eutrophication. Ale et al. [51] suggested that the drain spacing and soil texture had a greater effect on nitrate load reduction than the cropping pattern. Furthermore, Golmohammadi et al. [30] suggest that the nitrate reduction to water bodies requires knowledge on different cropping management practices with CD.
From the point of view of the water needs of plants and the adaptation of agriculture to climate change, the impact of CD on groundwater regulation is more important. The obtained results indicate that CD allows the groundwater table to be increased, at the beginning of blocking the water outlet from 1 to 15 March, from 10 to 33 cm and from 10 to 41 for spacing of 7 and 14 m in relation to the free drainage system. If the blockade of water outflow is moved to April, the maximum water table can be increased by 13 cm. The obtained results show that with 7 and 14 m drainage spacing, and climatic conditions such as in central Europe, including Poland, a quick start in the blocking outflow from the drainage network in the period from 1 to 15 March is of key importance. In addition, this study shows that better CD effects were obtained for a drainage network, at the same drainage depth, with 14 m spacing. Darzi-Naftchali et al. [57] reported that shallow drains were more effective in controlling the water table compared with deep drains. Furthermore, Ale et al. [11] reported that the water table rose above the conventional drainage level during both the winter and the crop periods.
In the longer term, parallel field studies and further computer simulations should be carried out in order to adapt the CD practice to the water needs of plants and the field work dates. Attention should also be paid to the analysis of the remaining components of the water balance at the field scale. Research [33] shows that CD caused the reduction of subsurface drainage and indicates that these practices may increase surface runoff. Consequently, CD may cause soil erosion and water pollution with phosphorus [58, 59] . This study shows that CD activities may contribute to the mitigation of the effects of climate change in Poland. Access to and proper use of technical infrastructure are the main factors influencing adaptation capabilities. Moreover, blocking the outflow of water from the drainage network facilitates the effective storage of water in the place of its greatest demand. These measures are more effective than the construction of retention reservoirs due to the need to distribute water over long distances and because of problems related to the eutrophication of water in reservoirs. In addition, the increase in retention contributes to the reduction of flood risk and the effects of drought. On the one hand, CD solutions allow one to retain water within the field and mitigate the effects of drought. On the other hand, they can help to reduce flooding. This is confirmed by the studies that showed that controlled drainage is an effective tool to reduce peak discharges and drought stress [16] . Moreover, Sunohara et al. [17] reported that the outflows exhibited lower peak flow rates from the CD solutions compared to the conventional drained network. Kulhavý and Fučík [60] indicate the need for policy makers to develop a global strategy for the use of drainage systems for sustainable agriculture. This confirms the importance of the research conducted in this study as a starting point for the adaptation of drainage systems to new climatic conditions. Future studies, apart from the impact of CD on groundwater depth and sub-surface runoff, should focus on other components of water balance, such as surface runoff, surface storage, and deep seepage, as well as the impact of water balance on potential crop yields.
Conclusions
On the basis of the conducted research, the following detailed conclusions were made:
•
In the climatic conditions of central Poland, the best results related to the application of CD solutions are obtained at the beginning of operation in the period from 1 to 15 March.
The solutions applied in the indicated time allow the groundwater table to be raised in relation to the free drainage network from 10 to 33 cm and from 10 to 41 in the case of spacing of 7 and 14 m.
The application of CD solutions in small fields allows only for periodic maintenance of the assumed groundwater tables.
The starting of blocking the outflow from the drainage network in the period from 1 to 15 March reduces the average outflow from the network by 50%-80%.
Better effects related to the control of the outflow were obtained for a drainage network with a distance of 14 m.
The influence of the initial groundwater table on the effectiveness of CD solutions in the case of drainage networks with 7 and 14 m spacing decreases with the delay of blocking the outflow on 15 March and 1 April, respectively.
